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MONOMER. POLYMER AND PROCESS 

The presBiTt inventton relates to a procsero for the eyrrthesis of polymers 
which are usefUl as supports In soIW phase organic aynlliesis (SPOS) and to 
Intenmed^es for use thenein. 

PCT/QB99/02193 discloses a series of novel polymer resin, supports which find 
5 usa as supports tn solid phase organic synttiesis (SPOS). 

These polymer resins are of commenctal Importance and mere exists a need for 
Improved methods far their syntheste. We have found that cen^ln novel monom^ and 
resins find use in Improved routes to these polymers^ 

According to a first aspect of the present Invention there Is provided a monomer 
10 which comprises a ptoteded hydrojqrpolyCa^ alkyleiieoxy chain attached to a 
polymerlsable un[t wherein the protected hydroxypoly Cj?^ elkyleneoxy chain contains fronm 
• 2 to 10 alkyleneoxy grouf» and wherein the hydroxypolyCa-* alkyleneoxy chain ts 
protected with an optionally substituted trttyl gn:>up. 

The hydro>QTpolyCs^aMQfleneoxy chains attadied to the monomer according to the 
15 present Invenfion are often selected from hydroxypolyethyleneoxy (HOCCHaCHzO)^,^-)* 
hydroxypolypropyleneoxy (H0(CHsCH(CH3)0)z.w-) and hydroxypolybutyleneoxy 
(HO(CH3CH(C;jH5)0)2.io-) chains. In a preferred Qn*odIment of the invention the 
hydroxypolyCj^alkyleneoxy chain 19 hydroxypolyethyleneoxy. 

The number of Ca^aikyleneoxy groups In the hydroxypolyC24alkylen©o)cy chain 
20 can range from 2 to 10, but is preferably from 2 to B and more preferably from 3 to 5. 
Most prefefably. there ar© four Ca^alkyleneoxy groups in the hydroxypoIyCwalkyleneoxy 
chain. 

In a highly preferred embodiment of the Invention the hydroxypolyQa^lkyteneoxy 
dhain Is hydroxytetraethyleneoxy (HO{CH2CH20)^). 
25 The polymerisablB unit of the monomer according to the present invention is often 

selected from optionally substituted styrenes, a<yylates and acrylamldes. In a prefen^ed 
embodiment of the invention the polymerlsable unit Is an optionally eubstttuted styrena, 
optionally substituted methylstyrene. optionally substituted ethyl (meth)acrylate. optionally 
substttuted propyl (meth>acrylate or optionally substituted N-methyl (meth)acryl^mide. 
30 ' In a highly preferred embodiment of the Invention the polymerlsable unit Is an 

optionally aufcistituled styrene cr optionally substituted methylstyrene. 

Where the polymerisable unit is an optionally substituted styrene or optionally 
substituted methylstyrene, the phenyl ring of the styrene Is preferably optionally 
substituted by 1 or 2 substituents often selecled from methyl, ethyl, propyl, fluoro, chloro 
35 andbromo. 




optionally substituted trityl groups indud© triphenylmethyl [tritylj. di- 
methoxyphenylphenylmethyl [dimetho?cy trityl], methoxyphenyl-di^henylmethyl 
tmoi^omethoxy trltyll, and 2-ohlorophenyldKphenylmBthyl [2-cshlorotrttyQ groups. 

In a most preferred embodimewrt of the invention, the monomer w a compound of 
formula (1) 



wherein 

ie an optionally substituted ethylene group; 
R'-* are independently hydrogen, hydrocarbyl. halogen, or hydrocarbylo)^ 
R9 is an optionally eulMtltuied trltyi grciup: and 
n Is 2 to 10. 

Preferably, R^ is a CH=CH2. CH^CHCHa. or C(CH,)=CHa group. Most preferabiy. ., 

R^isaCH-CHg. 

Preferably, the R«^[-Cj^.aklylen©-0-l„ group is para to R« . 
PfBferabiy, t-CwaWylene-0-l» is [-CH^QHiO-l,, [-CH2CH(CH,)0-]„ or. 
t-CHaQH(C2HB)0-ln. IWoBt preferably l-CHaCHjp-ln. 

Preferably n Is 2 to 8. more preferably n Is 3 to 5, Most preferably n is 4. 
Preferably R" are all hydrogen. 

Hydrocarbyl includes alkyi, aryl. alkaryl and aralKyl groups. Preferable when any 
• of R*' are hydrocarbyl or hydracarbyloxy groups the hydrocarbyl Is an alkyi group, most 

preferably alkyi group. 

The monomers acoordlna to the flret aspect of the present Invention are useful in 
polymerisation reactions to forni resins from which the polymer supports disclosed in 
PC1'/OB9S/02193 can be obtained. 

AcDordlngly, a second aspect of the present Invention provides a protess fbr the 
preparation of a polymer support comprising polymerisation of a monomer comprising a 
protected hydro>cypolyC« alkyleneoxy chain attached to a polynierleaWe unit where&i the 
protected hydroxypQlyC^^elkyleneoxy chaln'oonlalns ftx»m 2 to 10 alkyleneoxy groups 
and Wherein the hydix«qrpolyC„ alkyten^oxy chain Is protected with an optionalV 
BubsUtutBdtrttyl group, under conditions to produce cross-Unking. ^ , ^ 

The monomer comprising a protected hydroxypolyC« alkyleneoxy chain attached 
to a polymerisable unit wherein the protected hydroxypolyC,. alkyleneoxy cham contemns 
from 2 to 10 C^alkyleneoxy groups and wherein lha hydroxypolyC^ alkyleneoxy chain te 
prdtected with an opfionally substituted trityl group can be as described above In the first 
5 aspect of the present inventton. 
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Optionally, In the process of the present Invention the monomer comprising a 
protected hydrDxypolyCj^ alkyleneoxy chain attachecl to a polymerlsable unit wherein the 
protected hydroxypoIyCa^alkyteneoxy chain cootains from 2 to 10 Cg^alkyleneoxy groups 
and wherein the hydroxypolyCsni alkyleneoxy chain is protected with an optionally 
substituted trityl group may comprise a mixture of Isomers, 

Preferat)Iy, when a mixture of isomers is used In tfie process of the present 
invention, the monomer is a compound of fonnula (1), Most preferably, the manamer Is a 
mMure of Isomers wherein i^^0-[-C«^sklyl^ne-O-]„ group and occupy isomeric: 
positions on the pheny ring 

Pteferablyi in the process of the present Invention, the monomer comprising a 
protected hydrocypdyCM a!l<yleneoxy chain attached to a polymerisabie unit Is co- 
polymerised in the presence of a otss linking monomer. 

The extent of cro^s linking In ihe polymers Is determined by the concentration of 
cross linking monomer in the polymerisation reaction. Generally the weight % of cnos.s- 
linktng monomer Is In the range of from 0.1 to 70%, commQnly to 20%. such ass 

from 1 to 10%, and most preferably no more than 6% by welglit. Poiynners comprising nop 
more than 20% by weight of cross-linidng monomer are generally sweliabi^, whilst 
polyn^ra oonprtelng greater than 20% of crossUnl<ing monomer are generally not 
sweliai^le. 

Suttabie cros5-linl<lng monomers Indude dhrinyl benzene (DVB) or multifunctional 
(meth)ac3ylates such as dl/tri acarylates or di/W methaCTylates sudi as ethylene glycol 
diacrylate, ethylene glycol dimethacrylate, trimethylopropane trimethacrylate, 
trivinyibenzene or N,N'-bls-acryioyl ethylene diamine. Preferably the cross-Unking 
monomer Is DVB- 

Preferably 0-5 to 5% by weight of DVB is used. IVIost preferably 1 to 3% by weight 
DVB Is used. 

OptlonalVi in the prx:H::ess of the present Invention, the monomer comprising a 
prot^ct^d hydroxypolyCa^alkyleneoxy chain attached to a polymerisabie unit Is co- 
polymerised In the presence of one or more monomers selected flnom styrenes. for 
example styrene. hydrojcystyrene, methylstyrene, hydroxymethylstyrene and 
chtoromethyIstyren6t dstere of acrylic acid and esters of (meth)acryHc add, for example 
methyl acryiate. ethyl acrylate, methyl methacrylale, ethyl acrylate, hydroxyethyl 
(meth)acrylate and hydfoxypropyl (meth)acrylate. and acrylamldes, for exampte M-methyl 
acrylamlde and N-msthyloi (meth)acrylamide; wherein the phenyl ring in the slytenes I© 
optionally substituted by 1 cr 2 subsUtuents often selecled from methyl, ethyl, propyl, 
fluoro, chloro and bromo and wherein hydroxy groups, ©spedally phenolic hydrcocy 
groups, which n^y be present in the monomers are optionaily protected and may 
subsequently be deprotected. 




In a preferred process of the present Invention, the monomer cxjmprtslng a - 
proteqted hydroxypolyCMHlkyteneoxy chain attecdied to a polymerisable unit wherein the 
protectad hydroxypolyCMalkyletiooxy chain contains from 2 to 10 C« alkyleneoxy groups 
and whdreln'the hydroxypolyCM alkyleneoxy chain is protected with an optionally 
substituted trlfyl group Is oo-polymerised In the presence of one or more cross linking 
monomers, and one or more monomers selected from styrenes, esters of acryUc add and 
esters of (meth)3crylic add, or acrylamldes. 

In a highly preferred process of the present invention, the monomer comprising a 
protected hydroxypolyCa^alkyleneoxy chain attached to a polymerisable unit wherein the 
protected hydtoxypoIyC^afkytenBoxy chain contains from 2 to 10 C»4alkyteneoxy groups 
and wherein the hydrwtypolyCa^ alkyleneoxy chain Is protected with an optionally 
siAsfltuted trityl group is co-polymerised In the presence of DVB and styrene. 

When the polymer support Is produced by polymerisiation of a mixture of 
monomera comprising the monomer comprising a protected hyditaxypolyC^ alkyleneoxy 
chain attached to a polymerisable unit wherein the protected hydroxypoIyCa^ alkyleneoxy, 
chain contains flram 2 to 10 C!j4alkyleneos<y groups and wherein the hydrojiypolyCj^ 
alkyleneoxy chain la prxitected with an opHonally substituted trityl group, and one or more 
monomers selected from styrenes, esters of acrylic acid and esters of (meth)acrylic acid,; 
or acrylamldes, the welgirt percentage of the monomer comprising a protected 
hydroxypolyCa-^alkyleneoxy chain attached to a polymerisable Unit of the total weight of 
the monomers present Is preferably In the range of from 1-99%. more preferably In the 
mhge oF feo^ 6-80% and most preferably from 1 B% to 70%. 

The piccesB of the present invention is pref&rably canied out by aqueous 
susjiension polyrtierisatlon. The monomera are suspended as droplets (1-IOOOjiim) In 
water. ■Stabiliseis are usually added to prevent agglomeration of the droplets, for 
example polyvinyl ataohol. palyacrylic acid, polyvinyl pymolldone. polyalkylene ojdde. 
barium sulphate, magnesium sulphate or sodium sulphate. The suspension is also 
normally stirred to maintain the suspension. 

Optionally, oroanlo non-water misdble solvents may be used In the pdymerisaUon 
process. Oi^nlo non-water mbdble solvents may assfet droplet formation In aqueous 
suspension poiyrrteAsatton. or may act as porogens. 

' Optionally Inorganic salts may be added to the aqueous phase in aqueous 
suspension polymerisation. Inorganic salts my assist droplet formation by supplying 
monomer solubility in the aqueous medium. 

A free radical Initiator Is preferably us«d to Initiate polymerisation. The type of 
Initiator will generally be selected based on the monomers used. Examples of pHsfemed 
freb radical inffiators Include laenzoyi peroxide, dioctanoyi peroxide, 2.2'- 
azoblslsobutyronltrlle and 2,2'-«zoblB(2,4-dlmethylvaleronltrite). 




Poiymeris^fion Is typically aselBtsd by heating the mixture in the range of 15<>C to 
preferably 50"C to 90*C. it will be fecajgrfsed ftafc the tempei^ture to which the 
mixture c^n be heated c(ppends upon the type of monomer and Initiator employed. 

The resultant polymer nnay then be washed with suitable solvents such as 
S tBtrahydrofuran» reiethanol and water, dried and bead size <:jassified, for example, by 
sieving. 

Accordingly a Hirther aspect of the present Invention provides a polymer support 
which comprises protected hydrwypolyCM alkyleneoxy chains attached to a cross-linked 
polymer wherdn the protected hydroxypoIyCM all^leneoxy chain contains from 2 to 10 
10 Cg^ alkylensoxy groups and wherein the hydroxypolyCzwi alkylenfeojy chains are protected 
vrfth an oprtionally substituted tiilyl group. 

Preferably, the polymer support of the present applicatian is obtainable by the 
process of the eeoond aspect of the present invention. 

The Invention, in Its broadest aspect, relates to the particular polynier supports 
IS however prepared. 

The optionally substituted trliyl group may subsequentiy be removed to ghre the 
orose-Iinked polymer containing free hydroxy groups. 

Methods appropriate for removal of the optionally substituted trityl group include, 
for example, acid- hydrolysis. Commonly a mixture of trifluorctacetlc add in methylene 
20 dilorid© can be employed. The reader is referred to Advanced Organic Chemlstiy, 4* 
Edition, by Jerry March, published by John Wiley & Sons 1992, ibrgenaraJ guidance on 
reaction conditions and reagents. 

Preferably, wrtien frie protecting groups areremovwl the resulting polymer support 
has from about 0.1 to about 6 meq free hydro3<y groups per grann of polymer. 
25 Cross-linked polymers containing a free hydrojv gnwp are usually produced as 

beads which range in size fram IOhJt to 2000nm. Preferably the isead size Is fronn 50|Am 
to lOOOiim and mcst preferably from 7B\im to 500nm. The crose-llnked polymer beads 
are generally prxjduoed by an aqueous suspension polymerieatiDn process, ftor estample 
see Journal of Applied Polymer Sctenoe, 19B2. 2L 133-138. Incorporated herein by 
30 rsferance. 

* The polymer support obtained when the protecflng gnaups ars removed from tf^e 

support according to the present invention has a hydroxy functionality of from 0,1 to about . 
5, fdr example up to 4.a meq (miinequlvalents) of hydncoy per gram of polymer, and often 
irom O.S to 3.5, commonly 1.0 to 3.3 meq per gram for example from 1.5 to 3 meq per 
35 gram of polymer. In many embodlmentB, the polymer support obtained when the 
prote<?tlng groups are removed have from 0.5 to 2 meq of hydroxy per gram of polymer. 

The Invention will now be descrilwd. without limitation, by the following examples 
In whlc^, unless othenA^Se stated:" 
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a) FTvlR spectra were obtained Lsing svwilen gels In dicJiloromethan© held between 
sodium chloride plat^ and an ATi Qenesis (Matteson)sp8ctrDnneter. 

b) ^ mdgic angle (MAS) NMR epectrafwsre obtained using solvent swollen gals In the 
rotor of a Bmker MAS pfdtie on a 400MHz NMR spectrometer. 

c) yields are given for illustration and are not necessarily the maximum attainable. 

d) ihB follcjwing abrevlallons have fcieen used: THF = tetrahydrofuran. DMF = 
N.N-dimethylformamlde. FMCX; - fluorenylmethoxycarbaTyl, PEG =» 
polyethyianeglycol and THP = tetrahydropyranyl. 

Examptas 

preparation of trltyl-tetraethyleneglycoxysfyrene 
STAGS 1 

Tetraethyleneglycol (174g, O.Smol) was placed in a 3 ne<*Bd round bottom flask fitted 
witli a thermometer and r^ux condenser. Pyridine (1 1cm». O.lSSmoO was added to the 
mlxlure stined. TrIphenylmBtfiylchtoride (25g, 0,09mol) was dissolved in toluene (sOcm^ 
and this solution was added slowly to the mbdure. The mixture was heated to 50^ and 
the tempefature maintained for 1 h. 

The m&clure was allowed to cool and toluene (200cm^ was added to the flask. The 
solution was extracted with water (SOOcnf), The aqueous phase was back extracted with 
toluene (Z x 100cm*>. The organic iayere were combined and washed with water (2 x 
100crTf)» difed cfver MgSOa and filtered. The toluene was removed by evaporation under 
reduced pressure to ylekl a pale yellow oil (yield 38.5g. 98% based on trityl). 

8TAGB2 

Moro(trityi)tetraethyleneglyc6l (30g, COeSmol), 4^IuenesuJlfanyl chloride (14.4g, 
O.o7emal) and dry tetrahydrofuran (SOcm') were placed in a 3 necked round bottom flask 
fitted with a thermometer and reflux condenser, "m© flask wa^ placed in a dry-Ice batti 
and the mixture aflowed to cool to - -ZCC. A solution of KOH (25.2g, 0.45mol) in water 
(100cm') was added drop-wise over a period of 1h whilst maintaining the temperature at 
<0'C. following the addition the reaction mixture was stln«d for 1h whilst allowing the 
solution to w^m to ambient 




The solution was exti^cted with dlathylether (3 x 150cm*). The ether layer was dried over 
MgS04,filtered and evaporated under reduced pr^ura. The softd -was washed with 
^eOH and dried under vacuum (yield 34.3g. 8S%). 



S STAGES 



NaOMe (O.S5g, 10.2mmd) was dissolved In the mbiimum amount of N,N- 
dln^yHormamide (DMF) and added to 4-acetoxystyrene (1.3cm^, a.Smtnol) contained in 
a round bottom flask. This soluUon was stirred at ambient for 46mln then a solution of the 
tosyl denvativ© of mono(trit/l)tetraethylenegiycol (Sg, B.Smmol) in DMF was added. The 

reaction was aliowed to continue overnight at amtdsnt 

The DMF was removed by evaporation under reduced pressure. The oil remaining was 
dissolved in Isopropylaceteite and e^ctracted with water. The organic layers were 
combined, dried over MgSO* and flitered. The solvent was removed by evaporation 
under reduced pressure to leave a pale yellow oil that crystallised on standing (yield 3.Sg, 
77%). 



CLAIMS 



1, A monomer which comprises 9 protected hydroxypolyCa^ alkyleneoxy chain 
aOadhed to a polymeris^ble unit wherein the protected hydroxypolyC^ alMeneoxy chain 
Mntalns from 2 to 10 Cg^ alkyleneoxy groups and wherein the hydroxypalyC^ 
aiKy^eneoxy chain is protected with an optionally substituted trltyl group. 



2» A monomer of formula (1 ) 




wherein 

Is an optionally substituted ethylene group; 
R*^ are Independently hydrogen, hydrocarbyl, halogen, or hydrocarbyiaxy; 
Fi^ is an optionally substituted trltyl group; and 

n Is 2 to 10, * 

3p a process for th^ preparation of a polymer support comprising polymerisation of a 
monomer comprialrtg a protects hydroxypolyC»4 alkyleneoxy chswn attached to a 
polymerlsabte unit wherein the protected hydroxypolyQ^alkyteneo^ chain contains from 
2 to 10 Ca-jt alkyleneoxy groups and wherein the hydrcw^^poIyCz^ all^leneoicy €*taln is 
protected with an- optionally substituted trttyl group, under conditions to produca cross- 
linking. 



4 A polynner support wlilch comprises proted^d hydroxypolyCz^ alkyleneoxy chains 
attached Id si cross-llnked polymer wherein the protected hydroxypolyQa^ alkyleneoxy 
chain contains from 2 to 10 Ca^ alkyleneoxy groups and wherein the hydrcxypolyCsMt 
alkyleneoxy chains are protects with an optionally substituted trityl group. 



6. A polymer support obtainable by the process of Claim ^. 
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